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I. INTRODUCT LON

This manual describes the SMITE (Second order Moving Interface Two
dimensional Eulerian) code for hydrodynamic and elastic-perfectly plastic
problems. The code is based on an I ulerian formulation for the numerical
model., Eulerian methods are characterized by a mesh which is fixed in space
for all times. The materials are allowed to move freely through this grid.
In the SMITE code, each material has its own independent grid. Thus, the

. mesh spacing and number of mesh grids in one material is in no way affected
by that in another material. The equations are also solved in a trans-
formed plane. This allows for transformations to be used which concentrate
the mesh points in regions of greatest interest.

The extent of each domain is determined by particles or material points
which define the domain boundary. These points are moved in a Lagrangian
sense by integrating the ordinary differential equations relating their
positions and velocities. The values at the boundary points are subject to
free surface and interface conditions., The interface conditions provide the
only communication betwecn the various material domains.

The model upon which the SMITE code is based is fully described in the
report "A Second Order Numerical Model for High Velocity Impact Phenomena"
by the same authors., All references in this manual are to sections of the
above report.

> Preceding page blank



II. SUBROUTIN% LOGIC

2,1 Main Program

The main program controls the overall logical flow of the code. INITAL
is called to read input and initialize the run. All time increments are
added to the starting time to determine when the processes dependent on these
increments will next occur. The cycle count is incremented to start the main
loop. The time step is set to the minimum of the CFL time step determined for
all materials. If this time step is less thar the minimum allowed, a message
is printed and the run aborted. The time is incremented and MVBND called to
move all material boundaries. ADJINT is then called to determine the new inter-
face locations and adjust the boundary positions accordingly. Initial boundary
values for each material are extrapolated from the interior by calling BOUNDRY.
DENSB is then called to satisfy boundary conditions. The routine now loops
through the material. GENVAL sets the proper material dependent mesh and array
bound values. FDIFF is called next to solve the finite difference equations.
FINISH is then called to determine if any shifting of the domain or rezoning
of its boundary is necessary. The positions where the boundaries cross the
mesh lines are determined by calling BPOSN and BVALU is called to calculate
the crossing coordinates and the variable values at these crossing poiuts.
Values are then interpolated at all interior mesh points for which the finite
difference equations could not be used by calling INTRPL. This erds the
material loop. The error flay is checked and if it is set the run is aborted
SECOND is called to obtain the elapsed running time, If the running time or
problem time are greater than their maximum values, the run is ended. The
problem time is compared to the time at which the next printer plot is desired,
If this time has been exceeded PRNPLT is called and the printer plot increment
is added to the printer plot time. The same is done with PLTOUT for plotter
output, OUTPUT for printed output and SAVE for restart output. The next
time cycle is then started. At the end of a run all desired output is generated
regardless of the respective time increments.

2.2 ADJINT

Subroutine ADJINT determines the locations of material interfaces and
adjusts boundary positions accordingly. In its present state, it is a rather
ad hoc routine which makes strong assumptions regarding material orientation
and relative position. If a particular problem does not meet these conditions,
ADJINT will have to be modified or rewritten for that problem. It is assumed
that all interfaces exist at the start of the problem., If the bourdaries of
the two materials penetrate each other, it ig asgumed that the first material
(material A) that appears in the interface specification is the predominant
material, The interface points of the second material (material B) will be re-
placed by those of material A. The task of ADJINT is to determine the exact
extent of the interface. All boundaries consist of three segments which are
divided by the boundary points into linear sub-segments. It is assumed that
the interface starts with the first point of material A and the last point of
material B and hence that material A is on the right of material B. In order
to find the end of the interface, the logic is to find a point on each boundary
not on the interface and then trace the boundaries toward the interface until
they first intersect. It is further assumed that the interface lies entirely
within the third segment of material B. The maximum z coordinate of material B



is found and then the last point of material A whose z oordinate is less
than this maximum value. The next point on material A is the endpoint of
the last material A sub-segment that can intersect the >oundary of material
B so that no additional points on the material A houndary are considered.
The maximum r coordinate of the valid material A points is determined and
then the first material B point less than this value. This point defines
the endpoint of the first material B sub-segment than can intersect the
boundary of material A. A box is drawn arcund the material B sub-segment
and the first and last material A sub-segments that enter this box are de-
termined. Only those sub-segments of material A between these end segments
can possibly intcrsect the sub-segment of material B. Starting with the
last material A sub-segment, each sub-segment is tested for an intersection.
If an intersection is found then the lower sub-segment endpoints define the
end of the respective interface segments. If an intersection is not found,
a box is drawn around the next material B sub-segment and the search continues.
Once an intersection is found, the matsrial B interface segment is replaced
by the material A interface segment., Since this replacement may add to the
total number of material B boundary point3 a test is made to see if the
number of points on the material B boundary exceeds the maximum allowable.
If so, a message is printed and a flag ig set to abort the run at the end of
the cycle.

If material B represents material domain 3 special logic is provided.
In this case, the interface segments as defined upon entering ADJINT are used
The points of the material B segment are simply replaced by the pvints of
the material A segment. No assumptions are made about the segment location
or boundary orientations.

2,3 BONDRY

This subroutine obtains values for all variables on the boundaries of
the material domains. The boundary point coordinates, which upon entering
BONDRY are in z-r space, are first transformed to a-8 space., The arc
length along the boundary at each point is then computed. Boundary values are
extrapolated from the intarior by choosing the closest interior mesh point to
a boundary point and assigning the dependent variable values at this mesh
point to the boundary point (5.a). The four mesh points surrounding a boundary
point are examined. If the closest mesh point ig interior to the domain it
is chosen; if it is not interior. the next closest is selected, etc, If none
of the four points are interior to the domain, the boundary point retains the
values associated with it from the previous time step. These extrapolated
values are then smoothed to prevent a step function appearance. The smoothing
formula used is

)

b, = a, + L r (a,
i

- 2a, + a,
i i 4 i i-

+1 1

where r is the ratio of the time step used to the time step calculated for the
material, This ratio prevents the smoothing operation from propagating signals
through a material at a rate greater than the CFL stability condition would
allow,
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2.4 B20OsSN

The positions where the boundaries cross the mesh lines are determined
by subroutine BPOSN. Two similar arrays are defined, one for the mesh lines
in each coordinate direction. These arrays are computed by systematically
fcllowing the boundary. The logic for both sets is identical, so that only
the computation of the crossings of the lines z=constant will be described.
Let Int(a) be the largest integer less than or equal to a and Az be the mesh
spacing. Then tslnt(zm/Az) implies that the boundary point Pn with axial

coordinate zm 1ies between mesh lines i and i+l. Starting with n=Int(zi/Az)

values of i are determined for succeeding boundary points until i is not
equal to n, If i is less than n, mesh line n has been crossed; if i is greater
than n, mesh line n+l has been crossed. Let pm+l be the boundary point where i

changed value. Then the boundary crossed a mesh line between point m and m+l
The integer m is entered into the array for the mesh line that was crossed and
all entries for that mesh line are ordered according to increasing radial
coordinate values., A total of ln-ll megh lines may have besn crossed and an
entry is mad: for each of them. The integer n is then reset to n-rInt(zml/Az)
and the procedure continues until the entire boundary has been traced

2.5 BVALU

BVALU determines the coordinates of the points where the boundaries cross
mesi: lines and the values of the dependent variables at these points. The co-
ordinates of a crossing are defined as the intersection of a mesh line with the
straight line segment between the boundary points on either side of it The
dependent variable values are then obtained by interpolating along this line
segment,

2.6 DENSB

Boundary conditions are satiefied by subroutine DENSB. INFACE is called
to satisfy conditions on all interfaces. All non-interface, i.e free surface,
points are then determined. The normal stress at these points is then set to
zero (S.b).

All interfaces are examincd and an array is created which specifies, for
each material, the first and last points of all boundary segments that are
interfaces. These segment endpoints are arranged in ascending order with a
zero after the last endpoint to signal the end of the array. Each material is
then processed. The boundary coordinates are transformed from a-8 to z-r space
and the transformed values are stored in a temporary array. Each free surface
segment, if any, will be all those boundary points lying between the high end-
point of one interface segment ard the low endpoint of the next interface seg-
ment, The local slope at a point (z,,r.) is obtained from tan y = -zi 1)/

it o
(ri+1-ri-l)‘ For the normal stress éo Vanish, we must have

(Z411

p=S5 sinzfil +25S sin Y cos Y + S coszw

11 12 22
This condition on pressure is satisfied by finding the internal energy and
using Newton-Raphson iteration to solve the equation of state for the proper
density. The d:nsity at the free surface boundary point is then set to this
value. If the iteration does not converge, a message is printed and a flag is
set to abort the run at the end of the cycle.
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2.7 FDIFF

The finite difference equations at irnterior mesh points are evaluated in
subroutine FDIFF (4.a). The entire mesh is shifted in memory two radial lines
to the right (toward higher index of the axial mesh). It should be noted that
the solution at any mesh point depends only cn the mesh lines through that
point and on either side of it. Hence, if the solution proceeds along radial
mesh lines and the answers are stored back twu lines to the left, only room
for two additional mesh lines need be added to the memory arrays to allow the
old solution to be coverwritten by the new solution. The eight nearest neighbors
of a mesh point are examined to determine if any lie outside the domain. The
neighbors are ordered and if the nth neighbor is missing an-1 is added to a
code word., The neighbors are ordered counterclockwise with the four nearest
neighbors first starting with the right and then the four outer neighbors start-
ing with the upper=-right. If the code used is non zero, all neighbors are not
interior to the domain and ONESTP is called. If all neighkors are present, the
two

6 2
3 D
7 4

step solution may be used.

At each mesh point in the nine point solution lattice, the transformed
seven component vector w and its vector functions f, g and h are computed and
stored in 3x3 matrices. In both steps of the two step method, the difference
equations for the first four components of w are evaluated first and then the
difference equations for the three stress components are evaluated. Predicted
values at the four midpoints oi the boxes shown in the above figure are obtained.
That portion of the second step which depends on values at time t is also ob-
tained. The artificial viscosity is included in the partial second step eval-
uation,

The predicted values are used to define the £, g and h vectors at the
lattice midpoint., The remainder of the second step of the solution that de-
pends on the predicted values is then obtained. This solution is transformed
back to its non-conservative form and stored in the solution array. A test is
then made to determine if the stress components satisfy the yield condition. If
they do not satisfy the yield criteria the stresses are modified to force them
back on to the yield surface (3.b). Finally, the CFL stability parameter at
the mesh point is evaluated. If the solution appears to be going unstable,
ONESTP is called in an attempt to obtain a more stable value, After all mesh
poirts have becn evaluated, the L array is shifted back to it original locations,
The CFL stable stepsize for the material is then computed.
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2.8 FINISH

This subroutine checks the positinon c¢f each domain relative to storage
and of the boundary points of a domain relative to each other. As a domain
; moves through its mesh it may cover soue mesh points and uncover others.

The algorithm requires at leact one line of extarior mesh points in all dir-

: ections at the start of a time step. This ensures the existence of mesh
points to allow the domain to expand in any direction. The boundary is
checked to see if any point on it has exceeded the mesn. If the mesh .3 ex-
ceeded in one direction, the opposite direction is checked. If the opposite
direction has more than two exterior mesh lines, the domain is shifted as far
i as possible in that direction. This is done by shifting all interior arrays
in storaje and performing a linear trans’ation on the proper a-8 coordinate.
If a shift is not possible, a flag is set to abort the run at the end of the
cycle. A message is printed together with the domain limits and the boundary
coordinates in a-f space.

The arc length of each boundary segment is compared with the length of that
segment when it first contained its present number of points. If the arc lenjth
more than doubled, the number of points is increased by fifty percent. Aall
boundary points above the segment are shifted up to make room for the additional
points. Tracer point and interface endpoint information that refers to the
shifted boundary points is also adjusted. If the arcsize has not doubled the
segment is also checked for relative distance between adjacent points. If the
deviation from the average is too large the points in the segment are redistri-
buted. The actual redistribution of points, whether the total number remain
the same or has been increased, is performed by subroutine RELABL,

2.9 GENVAL

Values of various variables that depend on material properties and mesh
geometry and which vary from one material domain to the next are s« t by sub-
routine GENVAL,

2,10 INFACE

The boundary conditions on interfaces are satisfied by subroutine INFACE.
These conditions are the continuity of normal velocity and stress (5.c.). The
local slope at a point (zi,ri) is obtained from tan ¢ = (zi+l-zi_1)/(ri+l-ri_l).

The boundary values obtained from the interior on each side of the interface are
used to calculate a normal and tangential velocity and a normal stress. A
weighted average of the normal velocities and another weighted average of the
normal strescses are used to define a common normal velocity and a common
normal stress. The common normal velocity together with the previously calcu-
lated tangential velocities on both sides of the interface are used to obtain
the adjusted axial and radial velocities., The common normal stress provides a
condition for pressure on both sides of the interface. Fixing the internal
energy, a Newton-Raphson iteration is used to solve the equation of state for
the proper density. If the iteration does not converge a message is printed
and a flag is set to abort the run at the end of the cycle.

10



2.11 INITAL

All input data is read in subroutine INITAL. General run parameters
are read first and the interfaces are defined., If the run is a continuation
ot a previous run, the interface parameters are overwritten by those on the
restart tape. Input is then read for each material domain in turn. The
domains are numbered according to the order in which they are input. The
bounds of the array segments associated with the material are calculated and
these segments are then zeroed out. Non-dimensionalization factors are then
generated. Length is non-dimensionalized by mesh size so that the mesh size
is unity. The scaling factor used for time is set to that for length so that
velocity is non-dimensionalized by a cpeed of unity; hence non-dimensional
velocity numerically remains the same as dimensional velocity. The initial
material density is used to non-dimensionalize density. The constants needed
in the coordinate transformations are calculated and the input boundary coordin-
ates are transformed to a-B space. The transformed mesh gize is unity for
both coordinates so that the arc length of a boundary segment is an approximate
measure of the number of mesh segments it traverses, Thus setting the number
of points in each boundary segment to twice its arc length will result in
approximately two boundary points per mesh segment. Values of r and its deri-
vatives are calculated for each radial mesh point and mid-point. RELABL is
called to generate the proper number of equally spaced boundary points from the
input values., These points are then set to their initial values. The points
where the boundary crossed the mesh lines and values at these points are de-
termined by calling BPOSN and BVALU. The interior points are set to their
initial values and IPOSN is called to determine which points are interior and
which exterior to the domain. A line of reflected points below the axis of
symmetry is then set. The CFL stepsize for the material is calculated as is
the initial arc length of each boundary segment. If this run is a continuation
of a previous run, the initial values are read from the rescart tape, The
restart domain is then shifted to the positions required by the first axial
and radial mesh point interior to the domain as specified by the input, For a
restarted problem thoce portions of INITAL that initialize domain values are
skipped. After all materials have been input and initialized the time incre-
ments for the various types of output are examined, If the increment is nega-
tive it is set to a large number so that it will never be reached and its
corresponding type of output will never occur. Otherwise the associated output
subroutine is called to output the initial data.

2,12 INTRPL

The solution at mesh points that were too near to the domain boundary,
that have just become interior to the domain or where the finite difference
solution appeared to be going unstable is evaluated by interpolation from
neighboring interior and boundary crossing points in subroutine INTRPL. First
subroutine IPOSN is called to determine which points are interior to the domain.
An axial mesh line below the axis of symmetry is reflected from the mesh line
above the axis of symmetry. The mesh is then swept to determine which points
remain to be computed by interpolation. Linear interpolation from adjacent
interior or boundary crossing points is used. The four nearest neighbors to
the mesh point are examined. Each may be a boundary crossing point, an in-
terior point that was obtainad from the finite difference equations or an in-

11



terior point that must Le int.rpolated. These three possibilities at the four
neighbors represent 81 possible ~onfigurations. Each configuration is accounted
for and a point on either side ' the mesh point is selected, if possible, for
the interpolation process. Poi ts that themselves must be interpolated are

not selected since they may not as yet have been evaluated, After the entire
mesh has been swept the points that were interpolated are redefined as normal
interior points. A line of reflected values is again generated below the axis
of symmecry to account for any recently interpolated values, The 8l possible
configurations ure represented by the codes in the following table. A 0
represents a boundary crossing point; a 1 represents an interior point that was
obtained from the finite difference equations and a 2 represents an interior
point that must be interpolated. Reading the numbers from right to left, the
digits represent the point below, above, to the left and to the right of the
mesh point. The points that were selected t>r use in the interpolation are
underlined. In scme cases only one point wa.: used. Here the interpolated values
were set directly to the values at that poinr.

1. 0000 22. 0210 42, 112 62, 2021
2. 0001 23. 0211 43, 1120 63. 2022
3. 0002 24. 0212 4. 121 64, 2100
4. 0010 25. 0220 45, 1122 65. 2101
5. 0011 26. 0221 46. 1200 66, 2102
6. 0012 27. 0222 47. 1201 67. 2110
7. 0020 28. 1000 48, 1202 68, 2111
8. 0021 29. 1001 49, 1210 69, 2112
9. 0022 30. 1002 50. 1211 70, 2120

10. 0100 31. 1010 51, 1212 71, 2121

11. 0101 32, 1011 52. 1220 72, 2122

12. 0102 33. 1012 53. 1221 73. 2200

13, 0110 34. 1020 54. 1222 74, 2201

14, o011 35. 1021 55, 2000 75. 2202

15. 0112 36. 1022 56, 2001 76. 2210

16. 0120 37, 1100 57. 2002 77, 2211

17. 0121 38, 1101 58. 2010 78. 2212

18. 0122 39. 1l0- 59. 2011 79, 2220

19. 0200 40 1120 Ble  ul2 8. 2221

20, 0201 41, 111 61, 2020 Bl., 2222

21. 0202

12
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2.13 IPOSN

The L array, which specifies whether a mesh point is in a domain or not,

is set in subroutine IPOSN., The crossing points of the boundary with the

mesh lines are used to determine what is exterior and what is interior to the

domain. The mesh is first swept along the lines r = constant. All mesh points

along such a line up to the first boundary crossing are outside the domain.

All points from the first crossing to the second crossing are inside. The next

set of points are outside, then inside, etc. If a point is outside the domain,

L is set to 0. If a mesh point is inside and L has been set to 2 because the

point could not be calculated from the finite difference equations, it remains

set at 2. Otherwise L is set to 2-L. Thus for all exterior points L is 0, for

all interior points that were calculated from the finite difference equations

' L is 1 and for all interior points that hava not yet been calculated L is 2,
Interpolation errors in obtaining the boundary crossings may cause a mesh point
to appear interior when one coordinate direction is considered, yet exterior
when the other coordinate direction is considered. The algorithms require a
mesh point to be interior no matter which coordinate direction is considered.
To allow for this the boundary crossirgs of the mesh lines z = constant are also
considered. The crossings are follow:d as before except that only exterior
points need be considered. L is set to O for these points so that L will be non
zero only for those mesh points which appear interior no matter which way the

i mesh is swept. For the z = constant mesh crossings the assumption that all

mesh points until the first crossing are exterior is valid only if the lines are

swept from above the domain toward the axis of symmetry.

2,14 MVBND

In this subroutine the domain boundaries are moved in time by using a
simple Euler integration (5.a). The coordinates of the boundary points are trans-
formed from a-B space to z-r space and the velocities are integrated with res-
pect to time to find the new boundary positions. These new positions are then
s in the z-r coordinate system.

: 2.15 ONESTP

The one step finite difference equations for mesh points whose nine point
solution stencil does not lie entirely in the domain are evaluated in subroutine
ONESTP (4.b). As described in FDIFF, a code word is generated to specify which
neighbors of the mesh point are missing. If this word is divided by 16 the
result will refer to the four outer neighbors while the remainder refers to the
four nearest neighbors. First derivatives and non mixed second derivatives may
bz appruximated to second order by using the two points on either side of the
mesh point in the required direction. These two points will be either mesh
points or boundary crossing points. The four outer neighbors are required only
for approximating the second mixed partial derivatives. Each of thece outer
points may be represented by a Taylor's series about the centra. mesa point,
Combinations of these series will yield formulas for the mixed derivative in
terms of the outer points and the first and non mixed second derivatives De-
pending upon the combinations used, these formulas may be first or srcond order
accurate, However, first order accuracy in the second space derivatives is all
that is required for the overall difference scheme to remain second order
accurate. By thus splitting the four outer neighbors from the four nearest
neighbors the 256 possible combinations of missing points may be dealt with by
first considering the 16 possibilities relating to the four nearest neighbors
and then the 16 possibilities relating to the four nuter neighbors.
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The derivatives are evaluated first in the axial and then in the radial
direction. 1In either case there are four possibilities to consider. There

may bo mesh points on both sides, a mesh point on either side and a boundary
crossing on the opposite side or boundary crossings on both sides. When there
is a boundary crossing, the distance to the boundary is calculated, If this
distance is less than the allowable distance the point is skipped to be later
evaluated by interpolation in subroutine INTRPL. After the derivatives in

each direction are obtained the mixed derivatives are ~valuated. These space
derivatives are combined into the expressions appeari.r. in the one step equations
and these equations are computed. The artificial viscosity is then added. A
test is made to determine if the stress components satisfy the yield condition.
If they do not satisfy the yield criteria the stresses are modified to force

them back onto the yield surface (3.b). Finally, the CFL stability parameter at
the mesh point is evaluated.
discarded to be later evaluated by interpolation in suhroutine INTRPL.

11.
12.
13,
14.
15.
16.

If the solution appears o be going unstable it is

The following table will illustrate the code used for missing points.

Code

0000
0001
0010
0011
0100
0l01
0l10
0111
1000
1001
1010
1011
1100
1101
1110
1111

Date Used for Derivative Approximation

use all points

use

use

use

use

use

use

use

use

use

use

use

use

use

lower
lower
lower
uppe~
lower
lower
lower
lower
lower
lower
lower
upper

upper

right and lower left
right and upper right
right and lower left
left and upper right
right and upper left
right and upper right
right

left and upper left
left and upper left
left and upper right
left

left and upper right
left

use upper right

skip and interpolate

A 0 represents the presence of a point while a 1 means it is outside of the do-
The codes may represent the ordering of the 16 possibilities for both
the four nearest neighbors and the four outer neighbors, Reading from right to
left the digits represent, for the nearest neighbors, the points to the right,

main,

above, left and below.

For the four outer neighbors the order is upper right,
upper lcft, lower left and lower right. 1In representing the outer neighbors

the codes are followed by an indication of which of the points are used in eval-
uating the mixed derivatives.
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2.16 OQUTPUT

This routine prepares all printed output. All output is of dimensioned
variables and in z-r space. The output proceeds according to material domains.
The boundary points appear first. If both IPRINT and JPRINT are not zero, the
interior mesh points appear next. They are numbered along axial lines with
the line nearest to the axis of symmetry first. Only those interior points
which are also interior to a box of size IPRINT times JPRINT are printed. This
box starts at the left boundary if IPRINT is positive or ends at the right
boundary if IPRINT is negative. It starts at the bottom boundary if JPRINT
is positive or ends at the top boundary is JPRINT is negative. The tracer
particles are output next., Their values are obtained by interpolation from
the proper boundary points. After all domains have been printed the boundary
points that are interfaces are identified.

2,17 PLTOUT

Information is prepared in PLTOUT for processing by separate plot programs.
The z-r space boundary coordinates, the tracer particle coordinates and the
tracer particle velocities are calculated and then written out. All mesh
points which are in a plastic region are then obtained. The coordinates of
these points are then written out in blocks of 100 points.

2,18 PRNPLT

This subroutine prepares printer plots of the domain boundaries. The
boundary points are transformed to z-r space and then scaled to inches of
plot. The printer plot routine PRNT is then called for each point to plot
the arrays.

2.19 PRS

PRS is a function subroutine to evaluate the equation of state. If the
logical variable PDER is true it must also evaluate the partial derivatives
of pressure with respect to density and internal energy. The routine supplied
uses the Tillotson equation of state but may be replaced by any user written
routine,

2,20 RELABL

The points defining a boundary segment are redistributed over that segment
in subroutine RELABL. The positions of tracer particles and interface end
points are also redefined in relation to the new boundary poir's. The point
coordinates and function values are considered to be functions of arc length
along the boundary. The total arc length is divided into evenly spaced intervals
by the number of points in the new set. At the end points of the evenly spaced
intervals, new point coordinates and function values are interpolated from
the old coordinates and values. The arc length value at a tracer particle is
also used to find the exact new interval in which that particle lies and its
relative position in that interval is then calculated. The new boundary
points which define interface endpoints will be those points iounding the
largest segment wholly contained in the old interface segment.

15



2.21 SAVE

Information needed to continue the calculation in a subsequent run is output
by subroutine SAVE., Before being output, all domains are shifted as far to the
left and bottom as possible, Only those mesh points interior to the smallest
mesh rectangle containing the domain are then output. This allows for the

possibility of the restarted problem being run using smaller arrays and less
computer memory.

16
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3.4 Storage Arrangement

The number of mesh points in each coordinate direction and the number of
boundary points may vary from run to run and from material to material. In
order to efficiently utilize computer memory the storage arrays have no fixed 7
dimensions for these quantities. All materials are stored consecutively. The
area reseried for each material is computed from input parameters. The index
of any point in a material is computed rslative to a reference value for that
material. If XS is the reference value for a material then the point in that
material with index K would be raferred to in the array with index KS+K. The
t axial arrays are those in common BNDCRS whose name contains T and their reference
: is IS. The radial arrays are those in common BNDCRS whose name contains J and
all arrays in common MSHFCN. The radial reference is J5. The first dimension
of these arrays controls the maximum number of points for all materials and the “
second dimension controls the maximum number of boundary crossings in these
directions., Thus, if IMAX and JMAX are the axial and radial dimensions, respect-
ively, and for each material the maximum number of axial points 18 NI and the
maximum number of radial points is NJ, then the requirement is

INI < IMAX I (NJ+1) < JMAX

where the summation is over all materials. The addition of 1 to the NJ is to
take account of the reflected line of -lata points below the axis of symmetry.

| The arrays for interior mesh points are in blank comson and have reference 1JS.
A mesh point of axial index I and radial index J is referred to in the arrays
with the single index IJS + (J-1) (NI+2) + I, If the array dimension is IJMAX
then the requirement on the materials is

I(NI+2) (NJ+1) < IJMAX

The 2 that is added to NI allows for shifting as stated in the description of
subroutine FDIFF. The boundary arrays are in common BWDVAL and have reference
IBS., For dimensions BMAX and maximum per material of NB the storage require-
ment is again

INB < BMAX

Temporary arrays for boundary points that are used separately for each material
are in common SCRTCH, The storage requirement here is just that the maximum
number of boundary points for any material be less than the array dimension.
The maximum number of materials is the first dimension of the arrays in common
ZONES, the second dimension in MATARR, the first dimension in TRCPRT and the
second dimensions of the array NONIN in common INTFC. The maximum number of tracer
particles per material is the second dimension of the arrays in common TRCPRT.
The maximum number of interfaces is controlled by the array INFC in common INTFC
which has six entries per interface while the maximum number of interfaces one
material may have with all other materials is controlled by the first dimension
of NONIN. NONIN must have storage for two entries per interface plus one
additional entry to signal the last interface for the material.
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